Tadpoles of Rana catesbiana, possessing about two million lymphocytes, were immunized with 2,4-dinitrophenyl-and 2,4,6-trinitrophenyl-conjugated bacteria and proteins, and the antibodies produced were studied by inactivation of dinitrophenyl-and trinitrophenyl-conjugated bacteriophages. Crossreactions were determined by inhibition of inactivation of modified phages with the lysine derivatives of 2,4-dinitrophenyl-, 2,4,6-trinitrophenyl-, and 4-mononitrophenyl-groups. Antibodies to the two hapten-conjugates differed as significantly from each other in tadpoles as in larger animals. The ability of the small number of lymphocytes in tadpoles to discriminate between structurally similar determinants, and the estimated large number of antibodies required to cover the whole spectrum of antigenic specificities, suggests that an antigen-reactive cell changes specificity during its life time.
It is well established that each antibody-producing cell produces one antibody, and it also appears that its precursor antigen-sensitive cell is precommitted to produce the same immunoglobulin before antigenic stimulation (1) (2) (3) (4) (5) . From many immunochemical studies it is known that almost any organic molecule can serve as a haptenic group against which antibodies can be elicited, and the'number of different kinds of antibody molecules produced by an individual, required to cover the vast spectrum of antigen specificities, has been estimated to be at least one million (6, 7) . The question arises, therefore, whether an animal with less than this number of clones of lymphocyte can make. antibodies against the whole spectrum of antigenic specificities. Though tadpoles, with about one million lymphocytes, produce antibodies against a large number of antigens (8, 9 ) the possibility exists that each of these antibodies is unusually cross reactive, thereby providing what seems to be an apparently unrestricted number of specificities. Antibodies formed in larger animals regularly discriminate between the immunogen's groups (homologous determinants) and structurally similar but not identical groups (heterologous determinants; refs. [10] [11] [12] . In tadpoles, antibodies produced against erythrocytes of one species did not crossreact to a significant extent with erythrocytes from another species (8, 9) . However, this evidence for specificity was rather gross and we have therefore examined in this study the specificities of tadpole antibodies for nitrophenyl determinants of known structure.
MATERIALS AND METHODS
Tadpoles of the bullfrog Rana catesbiana were obtained from a commercial source (Lemberger & Co.). Their body weight ranged from 0.8 to 1.8 g but their exact age was not known. After immunization they were kept separately in 1L jars at 22 i 20. The total number of lymphocytes in a tadpole was estimated by counting single cell suspensions from the thymus, lymph glands, spleen, and blood and multiplying the sum by two to account for hematopoietic tissue in liver, gut, kidneys, lungs, and gills, which also possess lymphocytes. On this basis we estimate 1 to 2 X 106 lymphocytes per tadpole. Unless stated otherwise, experiments were performed with the same batch of tadpoles.
Type III pneumococci were grown and purified according to Kimball et al. (13) . Washed bacteria (1010/ml) in 0.05 M phosphate buffer (pH 7.0) were reacted for 1 hr at 500 with 5 mg/ml of Dnp-ethylene diamine (kindly provided by Dr. H. Kiefer) in the presence of 12 mg/ml of 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluene sulfonate (Aldrich). Derivatized bacteria were then washed with 0.05 M phosphate (pH 7.0) until free of yellow colour. The Dnppneumococci looked intensely yellow but the extent of conjugation was not determined. Keyhole-limpet hemocyanin (KLH) was purchased from Fluka. Dnp-KLH and Tnp-KLH were prepared according to Little and Eisen (14) . Both protein conjugates contained 25 mol of haptenic groups per 106 g of conjugated protein.
Tadpoles were immunized as described (15) . Dnp-Pneumococci (107) were injected into the heart. Dnp-KLH and Tnp-KLH (40 Mug) emulsified in complete Freund's adjuvant were injected intraperitoneally in a volume of 10-20 ul. Samples of peritoneal fluid were withdrawn 3 weeks after injection.
D.np-bacteriophage T4 (Dnp-T4) was prepared as described (16) , and the same preparation was used in all experiments. Tnp-bacteriophage T4 (Tnp-T4) was prepared according to Barber and Rittenberg (17) , except that the concentration of 2,4,6-trinitrobenzene sulfonate was 0.5 mg/ml and 1 mg/ ml (for preparations no. 1 and no. 2, respectively), and the reaction was performed for 30 hr at 220; no. 2 was more sensitive and has been used, except for one case mentioned in Table 2 . Inactivation of the modified bacteriophages by antihapten antibodies followed first order kinetics up to at least 90% inactivation. e-N-Dnp-lysine was purchased from Sigma; e-N-Tnp-lysine and e-N-Mnp-lysine were prepared as described (18, 19M. The lysine conjugates were purified by thin-layer chromatography on silica-gel plates developed with water-saturated methyl ethyl ketone. Absorption spectra of the eluted substances established their purity.
For inactivation assays, 5 X1 of modified phage was added to 10 ,l of diluted peritoneal fluid, incubated for 2 hr at 370, and then plated as described (20) . For inhibition of the inactivation, 5 Immunization of anurans apparently leads to the production of IgM antibodies exclusively during the first 3 weeks after a single injection (29) . Other studies (22) have shown that adult Rana catesbiana produce IgG antibodies in response to injection of Dnp-KLH in Freund's adjuvant and IgM antibodies in response to injection of Dnp-Salmonella.
The antibodies in the peritoneal fluids of the tadpoles in the present study were almost exclusively of the IgM class as revealed by radioimmunoelectrophoresis analysis. Inactivation of the modified phages by the antibodies from tadpoles followed first order kinetics up to 90% inactivation, indicating their strong avidity for the modified phages.
Antibodies elicited by immunization with Dnp-pneumococci and Dnp-KLH were highly. specific for the Dnp group ( Fig.   1 and Table 1 ). Antibodies from tadpoles immunized with Tnp-KLH showed a different pattern of specificity ( Fig. 2 and Table 2 ). The relative affinities of anti-Dnp and antiTnp antibodies for the homologous and crossreacting ligands were 12.0 4.2 SE and 1.29 0.14 SE, respectively. This difference is highly significant (P < 0.001) and is similar to that observed in rabbits and guinea pigs (11, 32) . (34); however, the fine specificity of the antibodies produced was not determined and it remains possible therefore, that the potential number of antibodies produced in the in vitro system is quite small but that the antibodies crossreact extensively with other antigenic determinants to an unusual extent. The present study, on the other hand, excludes this possibility at least with respect to the anti-Dnp and anti-Tnp antibodies produced in tadpoles.
How can a system with about 104 clones of antigen-sensitive lymphocytes produce antibodies that distinguish on the order of 106 or more different specificities? The difficulty is emphasized by the apparent unipotentiality of each cell, which produces only a single kind of antibody molecule, at least at one time. From the present findings, it seems necessary to consider seriously the possibility that a given cell or its progeny expresses different specificities at different times, thereby increasing the number of specificities over a period of time.
The ability of some myeloma proteins and of some conventionally raised antibodies to exhibit strange crossreactions to structurally dissimilar ligands, such as Dnp, 5-acetouracil, menadione (35) (36) (37) (38) (39) (40) 
